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under 35 USC 171 is a check for $910 in payment of the basic 
national fee (USPTO was neither ISA nor IPEA and a copy of the 
search report from EPO enclosed) . 

A copy of the International Application with the 
International Search Report is enclosed and it indicates the 
United States as a designated state. A Preliminary Amendment, to 
be entered upon the granting of a serial number and filing date 
for the application, also is enclosed. 

The Declaration and Power of Attorney along with a 
Small Entity Declaration will be filed at a later date. At the 
time of filing the Small Entity Declaration, it is respectfully 
requested that the amount of the basic national fee and multiple 
dependent fee paid herewith in excess of that required for a 
small entity be refunded to applicant. 
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overpayment, to Deposit Account No. 08-2442 of applicant's 
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purpose . 
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VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY 
STATUS (37 CFR 1.9(f) and 1.27(b) - INDEPENDENT INVENTOR 

As a below named inventor, I hereby declare that I qualify as an independent 
inventor as defined in 37 CFR 1.9(c) for purposes of paying reduced fees under 
Section 41(a) and (b) of Title 35, United States Code, to the Patent and 

Trademark Office with regard to the invention entitled 

Moulded Radiation Shield . 



described in 

/_/ the specification filed herewith. 

/X/ application serial no. 08/ 793,416 filed February 25, 1997 . 

/_/ patent no. , issued . 

I have not assigned, granted, conveyed or licensed and am under no obligation 
under contract or law to assign, grant, convey or license, any rights in the 
invention to any person who could not be classified as an independent inventor 
under 37 CFR 1.9(c) if that person had made the invention, or to any concern 
which would not qualify as a small business concern under 37 CFR 1.9(d) or a 
nonprofit organization under 37 CFR 1.9(e). 

Each person, concern or organization to which I have assigned, granted, 
conveyed, or licensed or am under an obligation under contract or law to 
assign, grant, convey, or license any rights in the invention is listed below: 

/X/ no such person, concern, or organization 

/_/ persons, concerns or organization listed below* 

*N0TE : Separate verified statements are required from each named person, 
concern or organization having rights to the invention averring to 
their status as small entities. (37 CFR 1.27) . 
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/_/ INDIVIDUAL /_/ SMALL BUSINESS CONCERN /_/ NONPROFIT ORGANIZATION 



FULL NAME 
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/_/ INDIVIDUAL /_/ SMALL BUSINESS CONCERN /__/ NONPROFIT ORGANIZATION 



FULL NAME 
ADDRESS 



/_/ INDIVIDUAL /_/ SMALL BUSINESS CONCERN /_/ NONPROFIT ORGANIZATION 



I acknowledge the duty to file, in this application or patent, notification of 
any change in status resulting in loss of entitlement to small entity status 
prior to paying, or at the time of paying, the earliest of the issue fee or 
any maintenance fee due after the date on which status as a small entity is no 
longer appropriate. (37 CFR 1.28(b)). 

I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be 
true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of 
the application, any patent issuing thereon, or any patent to which this 
verified statement is directed. 
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Name of inventor 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: 

United States National 
Stage of International 
Application No. PCT/GB9 5/02 013 
Filed August 25 , 1995 



Inventors: John Thomas Hare and 



For: Moulded Radiation Shield 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Upon the granting of a serial number and filing date to 
the above -identified application, please amend the application as 
follows: 



Please rewrite claims 2-4, 6-8, 10 and 12-15 in amended 



Donald Weir 



PRELIMINARY AMENDMENT 



Sir: 



In the Claims : 



form as follows: 



2. (Amended) A shield as claimed in [any one of claims 
1 to 3] claim 1 wherein the particulate radiation shielding 
material comprises lead particles * 
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3. (Amended) A shield as claimed in claim 1 [or 
claim 2] in which the core is encapsulated in said solid 
polymeric material* 

4. (Amended) A shield as claimed in [any one of claims 
1 to 3] claim 1 wherein the solid polymeric material comprises 
cured liquid resin. 



6. (Amended) A shield as claimed in [any one of claims 
1 to 5] claim 1 wherein the outer layers are each 0.5 to 3mm 
thick . 



7. (Amended) A shield 
1 to 6] claim 1 wherein the core 

8. (Amended) A shield 
1 to 7] claim 1 in the form of a 
for fitting over a pipe* 



as claimed in [any one of claims 
layer is 5 to 50mm thick. 

as claimed in [any one of claims 
tube with a longitudinal slit, 



10. (Amended) A shield as claimed in [any one of 
claims 1 to 7] claim 1 comprising a plurality of separate 
cooperating parts which together define the cavity. 

12 . (Amended) A shield as claimed in claim 10 [or 
claim 11] wherein the parts overlap when fitted together to 
enclose the cavity, to prevent shine. 

13. (Amended) A shield as claimed in [any one of 
claims 1 to 7] claim 1 in the form of a dome. 
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14. (Amended) A shield as claimed in [any one of 
claims 1 to 7] claim 1 in the form of a box. 

15. (Amended) A shielded 7- ray source wherein the 
shield is as defined in [any one of claims 1 to 14] claim 1 and 
the source is located in said cavity. 



Respectfully submitted, 




Martin G. Linihan 
Reg. No. 24,926 



Hodgson, Russ, Andrews, Woods & Goodyear 
1800 One M&T Plaza 
Buffalo, New York 14203 
February 25, 1997 
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HeC'd PCT/PTO 2 5 FEB 1997 

MOULDED RADIATION SHIELD 



This Invention relates to radiation shielding material primarily intended for shielding 
sources of gamma rays, such as are found in association with nuclear-powered steam 
raising installations and the like. 

In such installations, ancillary equipment and apparatus such as valves, pumps and 
pipes of the steam generating circuit 9 located in areas to which human access may be 
required, e.g. for routine maintenance, overall and repairs, can become contaminated 
with radiation and it is therefore desirable to protect the operatives who have to enter 
and work in it. There are also many other working environments in which such 
protection is desirable, e.g. in hospitals and in experimental laboratories and 
operational situations employing machinery generating gamma rays, e.g. as in non- 
destructive testing of materials, and in situations where apparatus has to be removed 
from a radioactive area e.g. for maintenance or repair. 

/ 

One approach to the protection of operatives is the provision of protective clothing 
such as gloves, overalls, etc 3 and a wide range of materials has been proposed for the 
manufacture of such clothing. In general, tney comprise plastics sheets filled with 
panicles of radiation protective material such as lead, the sheets optionally being 
interposed between two outer layers such as of fabric or plastics reinforced fabric. 
Such materials are described, for example in GB-A-670325, 680715, 703153, 851479, 
954594, 1122766 and 2118410, EP-A- 0117884 and US-A-5001354. GB-A-954594, 
for example, describes a clothing material for use in the manufacture of gloves, 
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helmets, aprons, leggings and the like, and comprising a layer made of silicone rubber, 
lead powder and flock, interposed between and bonded to two layers of fabric. 
However, the clothing made from these materials must, if it is to provide adequate 
protection against high energy level gamma rays, be heavy and relatively inflexible, 
making it restrictive and tiring for the operator to work in for any length of time- 

Another approach has been to attempt to shield the radiation source itself- A 
conventional way of doing this is to employ lead sheet. One method of using this is to 
hang it from overhead fixings or to drape it over the parts to be shielded. Attempts 
have also been made to form covers of various shapes from lead sheet. However, its 
use is restricted because of its weight, its lack of flexibility and its unsuitabiiity where 
direct contact with metal parts, which are usually made of stainless steel, is required. 

Alternatives to die lead sheets, which comprise sheets of lead foil or of lead powder- 
filled plastics between outer layers which may be of flexible plastics or plastics- 
impregnated doth, are suggested in QB-A-851479, GB-A-SS7956, the aforementioned 
GB-A-954594 and US-A-3622432, However, protection by use of sheeting is 
cumbersome and, tends to take up too much space, especially in restricted 
environments, and can take a significant time to erect. Further there may be no 
convenient fixings or other means of supporting the sheets. Moreover, the shielding of 
some fittings, such as T-pieces, is not readily achieved using sheer material, even if it 
is shaped into a housing- 



WO ?CT/GB95y020l3 

The present invention takes an entirely different approach which involves the 
manufacture of pre-formed moulded parts tailored to house or enclose a particular 
radiation source. The parts have the advantage of being compact and fitted rapidly. 



DE-A-2822494 observes that silicone rubbers and resins give effective shielding 
againsi y-radiarion and that flexible radiation-protective materials based on silicones 
can be moulded to any desired shape and thickness, FR-A-2027514, on the other 
hand, teaches that silicone rubbers ars not suitable for y-ray shields because they are 
damaged by the y-rays. 

According to the present invention, there is provided a moulded shield for a source of 
y-rays said shield defining a cavity to receive said source and comprising a core layer 
of cured liquid silicone resin loaded with particulate y radiation-shielding material and 
adapted to surround a radiation source located in said cavity, said core layer being 
located between two outer layers of solid polymeric material. 

The invention also provides a shielded y-ray radiation source wherein the shield is as 
defined above and the source is located in said cavity. 

The shield may comprise a single part or a plurality of co-operating parts which 
together define the cavity. Where the shield is formed of a plurality of parts which 
together define the cavity, it will be understood that each part will comprise a core 
layer between two outer layers of said solid polymeric material. 
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In one embodiment, the core layer is encapsulated in said solid polymeric material. 

Silicone rubber is used for the core layer because it is readily mouldabie, has excellent 
physical properties and, unlike many elastomeric materials and resins* is compatible 
with and unaffected by the usual radiation-shielding materials such as lead powder. 
Moreover, it is able to retain its elastomeric properties over the wide range of 
temperatures that may be met in practice, from the low climatic temperatures that may 
be encountered in some regions of the world to the elevated temperatures that may be 
encountered during the initial stages after shut down of a nuclear reactor or during the 
period of setting up a reactor after shut dewra. 

A major use of the shields of the invention is for fitting over ancillary equipment 
associated with nuclear power installations, such as in the steam generating circuitry of 
nuclear power steam raising installations and the like, and to which access is required 
e.g. for routine maintenance or repairs. In general, such equipment is of metal, e.g. 
as in pipes, pipe bends, pipe T-junctions, and the like, where radiation hot spots tend 
to develop. The presence of the outer layers of solid polymeric material in the shield 
of the invention ensures that the particulate radiation shielding materia*, such as 3ead 
powder, which is incorporated in the core layer is separated from such metal parts, 
thereby obviating the risk of electrolyte attack, which is particularly likely to occur in 
damp, humid or wet environments. The outer layers also enable the core layer to have 
a higher ioading of the particulate material than would otherwise be possible while still 
retaining cohesiveness, tear strength and the abiliry of the moulded shield to support its 
own weight, thereby enabling a desired level of attenuation to be achieved at a reduced 
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level of wall thickness in the shield. 

By careful design of the shape of the shield, or of the individual pans forming the 
shield where it comprises a plurality of co-operating pans, shine, i.e. the leakage of 
radiation, can be substantially eliminated or at least significantly reduced as compared 
with the conventional use of shielding devised from an ad hoc assemblage of sheets or 
tiles. 

The shields of the invention may be provided in a wide variety of shapes and forms, 
the more common examples of which are tubular, e.g. to cover pipes; domes, e.g. for 
covering valves and valve housings, thermocouple housings and like pipe fittings; and 
boxes. By employing a plurality of co-operating parts, more complex shapes and 
forms can readily be produced, e.g, T-shaped boxes such as for covering pipe 
T-junctions. 

While the shields of the invention are useful for the attenuation of y-rays in the range 
0-005 to 1.4 A wavelength generally, they are particularly suitable for attenuation of 
high energy Level y radiation such as from cobalt 60, iridium 192 and caesium 137 
wherein the energy levels are a! least lOOKeV and can be as high as SOOKeV or even 
lMeV and higher. 

The invention will now be described in more detail with reference to preferred 
embodiments and with the aid of the accompanying drawings in which: 
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Figure 1 is a diagrammatic representation of a shield in the form of a split tube 
for fitting ever a pipe; 

Figure 2 illustrates an alternative embodiment to the tube of Figure 1 and is in 

cross-section to show the internal structure of the tube; 

Figure 3 is an end view of an alternative to the tube of Figure 2; 

Figure 4 is an end view of a shield for a pipe provided by two concentric split 

tubes of the kind illustrated in Figure 1; 

Figure 5 is a perspective view of a two-pan moulded shield intended to fit over 
a pipeline T-pieee; 

Figure 6 is an exploded view of an enlarged cross-section through one arm of 
the moulding of Figure 5 but with the internal structure omitted for ease of 
reference; and 

Figure 7 is a perspective view of another moulding according to the invention. 

Depending on the nature of the radiation source and the shape of the piece of 
equipment to be shielded, the shield may comprise a single moulding or a plurality of 
separate cooperating parts which together define the cavity and enclose the radiation 
source. 

For example, for protecting pipes, the shield may be in the form of a tube 2 (Figure I) 
with a longitudinal slit 4 and which because it is made of resilient material, can be 
opened along the slit so that it can be pushed over a length of pipe and then closed 
over the pipe, e.g. by the use of quick-locking plastics snaps (not shown) of the well 
known kind such as used as ties in horticulture. In one preferred embodiment, the 
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tube is flexible so that it may accommodate curves and bends in pipes, 

To reduce or eliminate shine, the silt is preferably so formed that when the tube is 
closed over the pipe, the protection provided by the tube is unbroken. For example, 
the slit 4 may extend from the inner face to the outer face of the tube at an angle to 
the radius (Figure 2). An alternative, wherein the slit is in the form of a double~crank t 
or dog-leg, is shown in Figure 3- Alternatively, as illustrated in Figure 4, a second 
split tube 6 may enclose the first, with the slit 8 located at a different circumferential 
position to the slit 4 of the first tube 2. Thus, in this embodiment, the shield 
comprises the pair of split tubes. 

As stated above, the shield may comprise a plurality of separate moulded pans which 
together define a cavity to enclose the radiation source. "Thus, for example, it will also 
be apparent that if desired, the shield for a pipe length may be formed from a two-part 
moulding wherein each part has a longitudinally extending cavity which is generally 

semi-circular in cross-section, the parts Siting together to enclose the pipe, 

/ 

By way of further example, a two-part moulding suitable for enclosing a pipe T-piece 
is illustrated in Figures 5 and 6. The moulding comprises two parts designed to mate 
along the plane of the axes of the T-joint and each pan 10, 20, is thus, in plan, in the 
form of a T and contains a pipe-receiving cavity 12,22 which is generally semi-circular 
in cross-section. The parts are so designed as to overlap when placed together In order 
to reduce or eliminate shine. Thus, in the embodiment illustrated in Figures 5 and 6, 
the face 14 of the part 10 which is intended to mate with the face 24 of the part 20 to 
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form the cavity of the pipe 7 piece is provided along each of its longitudinal edges 
with a cut-away step portion 16 which receives a lug 18 formed along the 
corresponding longitudinal edge of the mating face of the part 20, 

Other means of eliminating shine will be apparent to those skilled in the arL For 
example, clips 30 (Figure 7) may be provided for fining over the two pans which 
enclose the T-piece, to cover the joints between the parts, and which are themselves 
mouldings according to the invention. 

As illustrated in Figure 2, which is a cross-section through a tubular shield according 
to the invention the shield comprises a core layer which is represented in the drawing 
by the shaded area 30 , of aired liquid silicone resin leaded with particulate radiation 
shielding material adapted to surround the radiation source located in the cavity. The 
core layer is located between two layers 40 of unfilled and solid polymeric material. 
In the embodiment illustrated, the core layer is actually encapsulated within the solid 
polymeric material which, as shown, completely surrounds the core 30. Where the 
shield is formed of several parts, the core layer of each part is so formed that when the 
parts are assembled to form the shield, the radiation source located in the cavity 
defined by the shield is substantially surrounded by core layer. It will be understood 
that when the core iayer of each part is encapsulated in solid polymeric material, there 
will be small areas around the cavity unprotected by the core layer but this can be 
rectified by providing a further part and locating it so that Its core layer covers the 
area in question. Alternatively, and preferably, the parrs are constructed and arranged 
to fit together with overlap. 
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The polymeric material for the outer layer should be capable of withstanding the 
extremes of temperature which the shield is likely to meet in practice without 
unacceptable loss of strength or becoming embrittled. Where the shield is required to 
be flexible, it is also necessary for the material to be elastomeric, However, it is 
preferred that it is substantially free of halide and sulphide since such materials can 
attack the metals from which the components to be located in the cavity of the shield 
are frequently made, especially in wet or humid conditions. Where the shields are 
likely to be used in enclosed environments, it is also preferred mat they are also 
substantially free of nitrogen and phosphorus because .of the toxic fumes that may be 
generated in the event of Sre, Thus, in general it is preferred to avoid the use of such 
materials as polyandries, polyimides, polyurethaaes, polysulphides, poiysuiphoaes, 
vinyl chloride or vinylidene chloride polymers and chloroprenes. 

Expended materials or foams should also be avoided because they undesirably increase 
the bulk of the product. 

Much preferred for the outer layer are resins, derived by airing liquid resin systems. 
Silicone, especially silicone elastomer of the kind used in the manufacture of moulds, 
is particularly preferred because of its compatibility with the material of the core layer, 
because it avoids the need for adhesives to bond the core layer to the outer layers, and 
because its generally non-wetting qualities render it easy to clean if the surface 
becomes accidentally contaminated. Furthermore, this material not only has acceptably 
low levels of chloride, sulphide and nitrogen but also exhibits a desirable combination 
of physical properties, especially tear strength, flexural strength and Shore hardness 
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throughout a wide temperature range e.g. from sub-zero to above the boiling point of 
water. It Is also readily moldabie into complex shapes using inexpensive moulds and 
uncomplicated procedures, and without the need for pressure or more than mildiy 
elevated temperatures. In some cases curing can be achieved at room temperature 
although it may be desirable to apply heat to accelerate the cure. 

For less critical uses, other casting materials which may be employed include, for 
example, curable liquid polyesters, epoxies and phenolics. 

Of course, it is not essential that the outer layers are formed of the same material; the 
layer forming the inner surface of the shield may be of a different material to that 
forming the outer surface. However, generally it is convenient to use the same 
material for both. 

While any suitable particulate radiation-screening material may be used for the core 
layer provided the panicles can be incorporated in the chosen silicone and do not 
adversely affect it, e.g. are inert to it, the preferred material is lead. In general, it 
will be preferred to include as high a proportion of the radiation screening material in 
the core as possible consistent with obtaining a coherent product. In general, however, 
the limiting factor is the volume of particles that can be mixed into the polymer. For 
lead panicles and silicone elastomer* a preferred concentration of the particles is in the 
range 50 to 95% by weight, mors preferably 75 to 95% based on total weight of lead 
particles and silicone. Below 50%, the radiation protection for a given thickness of 
the core layer of the moulding is poor, so that substantial thicknesses are required to 
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achieve a desired level of attenuation, and above 95% there is difficulty in 
incorporating the panicles into the silicone. Other radiation-screening materials may 
]ead to different ranges of optimum concentration but these can readily be determined 
by simple experiment. 

ft will be understood that the radiation-shielding efficiency of the shield will depend 
not only on the concentration of radiation-shielding panicles in the loaded polymer 
layer but also its thickness. It is therefore desirable to make the core as thick as 
possible relative to the total thickness of the moulding, and to minimise the thickness 
of the outer layers commensurate with providing the desired properties is the laminate. 
In general, we have found that thicknesses as small as 1 to 3mm more generally 1 to 
2mm are adequate for these outer layers and even thinner layers, e,g. down to 0.5mm, 
may be satisfactory in some cases. Of course, thicker layers may also be used but 
little additional advantage is likely to be gained thereby. 

The overall thickness of the shield is controlled by the desired level of radiation 
protection on the one hand and weight or volume, or both, on the other* Preferred 
thicknesses of the core layer are in the range 5 to 50mm, more preferably 5 to 20mm ? 
and still more preferably 8 to 16mm, 

In general, the thicker the core layer, the greater the thickness needed in the outer 
layers to provide the necessary support; however even at thicknesses of 50mm for the 
core layer, a 1mm thickness for the outer layer is generally adequate. 
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The moulded shields of the invention may be rigid or flexible and the choice will 
depend to some extent on the intended use. Thus, for example, it may be preferred 
for tubes intended to cover pipes to be flexible so as to accommodate curves and 
bends. However, ether mouldings, e.g. to cover pipeline T pieces, may desirably be 
substantially rigid. The materials for the outer layers should be chosen with the 
flexibility or rigidity desired for the moulding in mind. Alternatively, an otherwise 
flexible moulding such as would be obtained from the use of elastomer in both the core 
and the outer layers, may be rigidified by incorporating a rigid form, e.g. metal place, 
in the moulding. 

The mouldings of the invention, or each part thereof where the moulding comprises a 
plurality of parts, may be produced by coating the outer walls of a mould with the 
polymeric material intended to form the outer layers, thereafter depositing the core 
material and then applying a further layer of the polymeric material. With the 
preferred choice of silicone elastomer for the outer layers, for example, the walls of 
the mould are first coated with curable silicone liquid'. For non-horizontal surfaces, a 
thixotropic liquid may be employed. The coating is then caused or allowed to partially 
cure until it is no longer fluid but is noticeably tacky. The core composition is then 
located within the coated walls of the mould e.g. by forming a pourable composition of 
the radiation- screening panicles and the silicone, and pouring the composition into the 
mould until the desired thickness is obtained. This core material is then caused or 
allowed to partially set so that it is no longer fluid. Thereafter a layer of the curable 
silicone liquid is applied over the core material and either levelled to the top of the 
mould or alternatively a lid is applied to the mould and any excess of the liquid is 
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removed. The whole is chen caused or allowed to fully cure, e.g. by application of 
heat* 

In a preferred alternative which is suitable for the manufacture of a tubular shield, a 
coating of a curable liquid resin which is to form the inside, or first, layer of the 
shield, is applied to the surface of a mandrel while rotating the mandrel about a 
horizontal axis, until the desired thickness of coating has been achieved. The coating 
is then cured to a self -supporting but tacky state and the mandrel with the cured 
coating is then placed in a vertical cylindrical mould (suitably a split mould) the inner 
diameter of which is larger than the diameter of the coated mandrel to the extent 
required to permit the formation of a core layer of the desired thickness. The axis of 
the coated mandrel is arranged to be coaxial with that of the cylindrical mould, A pre- 
formed pourable mixture of curable liquid silicone resin and particulate radiation 
shielding material is then poured into the mould and cured to a self-supporting but 
tacky state* The mandrel with the inside layer and core layer is then removed from 
the cylindrical mould by parting the halves <?f a split mould and the outside layer is 
formed by applying a coating of curable liquid resin to the exposed surface of the core 
layer while again rotating the mandrel about a horizontal axis and until the desired 
thickness of outside layer has been obtained. This outside layer is then cured and the 
curing of the other layers is completed as necessary and the whole is removed from the 
mandrel. If the core layer is to be totally encapsulated, the ends of the tube are then 
coated with a layer of curable liquid resin* suitably the same as that used for the 
outside layer, and cured. 
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For optimum attenuation, it is preferred to thoroughly degas the liquid mixture of 
curable silicone resin and particulate radiation shielding material that it is to be used to 
form the core layer- 
It may also be desirable to vibrate the mould during the charging of the mixture to 
form the core layer, to ensure that it is fully packed down. 

If desired, other layers may be included in the moulding, e.g. between the core layer 
and one or both of outer layers and/or over one or more surfaces of the moulding, to 
modify its physical and/or surface properties. 

Fillers and/or other additives other than the radiation-screening panicles may be 
included in the core layer, if desired, and the outer layers may also include fillers or 
other additives, e.g. pigments. It may even be acceptable to include small quantities of 
radiation-shielding particles in an outer layer; however this is not advisable where the 
layer is intended to come into contact with the equipment it is shielding where that 
equipment is metallic, especially stainless steel- 

Reinforcement, e.g. in the form of fibrous material, e.g, carbon or glass fibre, may be 
included in the moulding e.g. as chopped fibres, rovings or woven or unwoven webs. 

A particular and very important advantage of the invention is that as the shields may 
be tailor made and manufactured to fit over, house or enclose particular shapes of 
varying sizes and degrees of complexity, the shielding can be designed specifically for 
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a particular apparatus in a particular location and the subsequent application of the 
shielding to that apparatus can be achieved much more speedily than by the 
conventional method of draping and hanging sheets or erecting or fabricating housings 
on site from simple shapes such as sheets and tiles. 

Examples of specific y-radiatien sources to which the shields of the invention may 
advantageously be applied are; 

(1) pans of the pipework and fittings of steam generating circuits of 
nuclear-powered steam raising installations where radiation hot spots 
have developed. These tend to occur, for example, on bends and pipe 
T-joints, in the areas of valves and thermocouples, and generally at iow 
points in the pipework; 

(2) components which have become radioactive as a result of being located 
in a contaminated area, and which have to be removed for maintenance 
or repair, e,g T parts of remote-controlled handling devices; 

(3) parts of gamma radiography devices e.g. non-destructive testing devices 
which use ^radiography sources; e.g. parts of source projector systems 
such as wind-out or guide tubes and collimators. 

Advantages of the shield of the invention are 

the ability to manufacture it in complex shapes using simple moulding 
techniques without high pressure or temperatures; 
the ability of the shield to be tailor made to fit over a specific piece of 
apparatus with substantially complete elimination of shine; 
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its compactness relative to the degree of shielding that can be achieved; 
lack of toxicity; 

its ease and speed of application thereby reducing the risk of exposure of 

operatives to radioactivity; 

its ease of decontamination, e.g. simply by washing; 

ability to withstand a wide range of temperatures e.g. from -55° C to + 150*C 
or even intermittently up to + 2G0*C without unacceptable loss of physical 
properties or integrity. 

While the invention has been described with particular reference to y-rays, it is also 
very effective for other forms of radiation, specifically X-rays and ^-particles. 

The invention is now illustrated by the following Example in which all parts are by 
weight, 

EXAMPLE 

100 pans of the base component of the silicone elastomer system marketed by Dow 
Corning as Silastic E» 1.09 parts of yellow pigment <WS 15414A from West and 
Senior Ltd- of Manchester, England), 10 parts of curing agent for the base and 0.14 
part of amorphous silica as a th&otropic agent were mixed together, the resultant 
mixture was used to coat the walls of a mould designed to produce the moulding 10 of 
Figures 5 and 6, with a l-2mm coating of the material, and the mould was heated to 
partially cure this coating. The mould was dimensioned to produce a moulding 10 
having the cross-section as shown in Figure 6 wherein the dimension AB is 75mm, the 
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dimensions AC, BD> EF and GH are each 15mm, and the dimensions CE and DG are 
5mm. JK is 40mm and thus LM is 10mm, The mould was constructed and oriented 
so that the face AB of the resultant moulding was at the top. 

The composition for the core was formed by mixing together 100 parts of the same 
silicone base, 10 parts of curing agent and 385.5 pans of 80-200 mesh lead panicles 
and this composition was degassed and then poured into the coated mould TO fill the 
mould to within about l-2mm of the top while vibrating the mould. The mould was 
then heated again to partially cure this layer. 

Finally, more of the first composition was poured over the partially cured core layer, 
sufficient being used to complete the filling of the mould and provide a layer about 1- 
2mm thick, any excess being removed by doctor knife. The mould was then heated to 
cure the sop layer and complete the curing of the first applied material and the core 
layer. The resultant moulding was then removed from the mould- 

/ 

In similar fashion, a moulding 20 was formed' having the dimensions (referring again 
to Figure 6) of AB=75mm; AP=BQ=45mm; RS=TU»15mm; PR-TQ=5mm; 
VW~40mm and thus XY is 10mm. The mould was oriented so that the face AB of 
the moulding was at the top. 

To assess the attenuation of the moulding, an approximately 8-9mm thick tile of 
material was formed having a 5mm core of the same material as the core of the 
moulding between two outer layers, each l-2mrn thick, of the same material as the 
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outer layers of the moulding. The attenuation of the tile was measured using an 
iridium 192 isotope and found to be approximately 50%. By way of example, typical 
half value thicknesses of conventionally used materials are lead 5.5mm ? iron 13mm, 
concrete 43mm. However the weight of the tile is only about two thirds that of the 
lead tik. Using an R02 radiation dose meter with a 37GBq Cs 137 source, at a dose 
rate of 370 micro Sv/far f the attenuated dose was found to be 28.3% (transmitted dose 
about 72%). 

The attenuated dose of a collimated Co 60 source of mean energy 1.25 MeV was 
measured at 21% zt dose rates of SQOuGyti 1 and SO^Gyh" 1 (79% transmitted dose). At 
about 25mm tile thickness, the attenuation is increased to over 50%. By way of 
comparison, the typical half life thickness of conventional materials are lead 12.5mm, 
iron 2Qmm ? concrete 61mm. 

A sample of the outer skin of the moulding was analysed for fluorine, chlorine and 
sulohur and found to contain 67 J, 24,05 and 73.3mg/kg ? respectively. The nitrogen 
content of the moulding was negligible. 
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CLAIMS 

1. A moulded shieid for a source of /-rays said shield defining a cavity to receive 
said source and comprising a core layer of cured liquid silicone resin loaded with 
particulate y radiation-shielding material adapted to suiround a radiation source located 
in said cavity, said core layer being located between two outer layers of solid 
polymeric material. 

2. A shield as claimed in any one of claims 1 to 3 wherein the paniculate radiation 
shielding material comprises lead particles. 

3. A shield as claimed in claim 1 or claim 2 in which the core is encapsulated in 
said solid polymeric material. 

4. A shield as claimed in any one of claims 1 to 3 wherein the solid polymeric 
material comprises cured liquid resin. 

5. A shieid as claimed in claim 4 wherein the solid polymeric material comprises 
silicone . 

6. A shield as claimed in any one of claims 1 to 5 wherein the outer layers are 
each 0.5 to 3mm thick. 



7. A shield as claimed in any one of claims 1 to 6 wherein the core layer is 5 to 
50mm thick. 
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8. A shield as claimed in any one of claims 1 to 7 in the form of a tube with a 
longitudinal slit, for fitting over a pipe, 

9. A shield as claimed in claim 8 wherein the slit is so formed as to prevent shine* 

10. A shield as claimed in any one of claims 1 to 7, comprising a plurality of 
separate cooperating parts which together define iht cavity, 

11. A shield as claimed in claim 10 comprising a pair of cooperating parts which fit 
together to provide a cavity for a pipeline T-junction- 

12. A shield as claimed in claim 10 or claim 11 wherein the parts overlap when 
fitted together to enclose the cavity, to prevent shine, 

13. A shield as claimed in any one of claims 1 to 7 in the form of a dome. 

/ 

14. A shield as claimed in any one of claims 1 to 7 in the form of a box, 

15. A shielded y-ray source wherein the shield is as defined in any one of claims 1 
to 14 and the source is located in said cavity. 

16. A shielded source as claimed in claim 15 wherein the source is a hot spot in the 
steam generating circuit of a nuclear-powered steam raising installation. 
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17, A shielded source as claimed in claim 15 wherein the source is a radioactive 
component retrieved from an area which is contaminated with radiation, 

18, A shielded source as claimed in claim 15 wherein the source is a part of a 
gamma radiography device. 

19, A method of forming a tubular y-ray shield as claimed in claim 1, said method 
comprising the steps of 

applying a coating of curable liquid resin to the surface of a mandrel while 
rotating the mandrel about a horizontal axis and until the desired thickness is 
obtained and curing it to a self-supporting but tacky state to form an inside 
layer of the shield; 

mounting the coated m&ndrel vertically in a cylindrical mould of larger 
diameter, with the axis coaxial of the mandrel with that of the mould; 
pouring a curable mixture of silicone resin and particulate y-ray radiation 
material into the annular gap between the coated mandrel and the cylindrical 
mould surface and curing the mixture, to a self-supporting bur taclcy state to 
form the core layer of she shield; 

removing the mandrel coated with the inside layer and core layer from the 
cylindrical mould, applying a coating of curable liquid resin to the exposed 
surface of the core layer while rotating the mandrel about a horizontal axis; 
completing the cure of the layers, and 
removing the cured product from the mandrel* 
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PATENT 

Attorney's Docket No. 18872 .0056 



COMBINED DECLARATION AND POWER OF ATTORNEY 

(ORIGINAL, DESIGN, NATIONAL STAGE OF PCT, SUPPLEMENTAL, 
DIVISIONAL, CONTINUATION OR CIP) 



As a below named inventor, I hereby declare that: 

TYPE OF DECLARATION 

This declaration is of the following type: {check one applicable item below) 
/__/ original 
/_/ design 
/_/ supplemental 

NOTE: If the declaration is for an International Application being filed as a 
divisional, continuation or continuation in-part application do not 
check next item; check appropriate one of last three items. 

/X/ national stage of PCT 

NOTE: If one of the following 3 items apply then complete and also attach 
ADDED PAGES FOR DIVISIONAL, CONTINUATION OR CIP. 

/_/ divisional 

/_/ cont i nuat i on 

/__/ continuation-in-part (CIP) 

INVENTORSHIP IDENTIFICATION 

WARNING: If the inventors are each not the inventors of all the claims an 
explanation of the facts, including the ownership of all the 
claims at the time the last claimed invention was made, should be 
submitted. 

My residence, post office address and citizenship are as stated below next to 
my name, I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if plural 
names are listed below) of the subject matter which is claimed and for which a 
patent is sought on the invention entitled: 
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TITLE OF INVENTION 

Moulded Radiation Shield 



SPECIFICATION IDENTIFICATION 



the specification of which: (complete (a) , (b) or (c) ) 

(a) /_/ is attached hereto. 

(b) /_/ was filed on as /__/ Serial No. 

0 / or /_/ Express Mail No. 7 as Serial No. 

not yet known and was amended on 

; (if applicable) . 

NOTE: Amendments filed after the original papers are deposited with the 
PTO which contain new matter are not accorded a filing date by 
being referred to in the declaration. Accordingly, the amendments 
involved are those filed with the application papers or, in the 
case of a supplemental declaration, are those amendments claiming 
matter not encompassed in the original statement of invention or 
claims. See 37 CFR 1.67. 

(c) /X/ was described and claimed in PCT International Application 

No. PCT /GB9 5/0 2 013 filed on 25 August 1995 and as _ 

amended under PCT Article 19 on (if 

any) . 



ACKNOWLEDGMENT OF REVIEW OF PAPERS AND DUTY OF CANDOR 

I hereby state that I have reviewed and understand the contents of the above 
identified specification, including the claims, as amended by any amendment 
referred to above. 

I acknowledge the duty to disclose information 

which is material to patentability as defined in 37, Code of 
Federal Regulations, § 1.56. 

(also check the following items, if desired) 

/_/ and which is material to the examination of this application, 

namely, information where there is a substantial likelihood that a 
reasonable examiner would consider it important in deciding 
whether to allow the application to issue as a patent, and 

/_/ In compliance with this duty there is attached an information 
disclosure statement in accordance with 37 CFR 1.98. 
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PRIORITY CLAIM (35 U.S.C* § 119) 

I hereby claim foreign priority benefits under Title 35, United States Code, 
§ 119 of any foreign application (s) for patent or inventor's certificate or of 
any PCT international application (s) designating at least one country other 
than the United States of America listed below and have also identified below 
any foreign application (s) for patent or inventor's certificate or any PCT 
international application (s) designating at least one country other than the 
United States of America filed by me on the same subject matter having a 
filing date before that of the application (s) of which priority is claimed. 



(complete (d) or (e) ) 

(d) /_/ no such applications have been filed. 

(e) /X/ such applications have been filed as follows. 



NOTE: Where item (c) is entered above and the International Application 
which designated the U.S. claimed priority check item (e) , enter 
the details below and make the priority claim. 



A. PRIOR FOREIGN/ PCT APPLICATION (S) FILED WITHIN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS APPLICATION 
AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. § 119 



COUNTRY (OR 
INDICATE IF 
PCT) 


APPLICATION 
NUMBER 


DATE OF FILING 
(day, month, year) 


PRIORITY 
UNDER 37 


CLAIMED 
USC 119 


Great Britain 


9417175.8 


25 Aucrust 1994 


/X 


1 YES 


NO / / 








/ 


/ YES 


NO / / 








/ 


/ YES 


NO / / 








/ 


/ YES 


NO / / 








1 


/ YES 


NO / / 



ALL FOREIGN APPLICATION (S) , IF ANY FILED MORE THAN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 



NOTE: If the application filed more than 12 months from the filing date of 

this application is a PCT filing forming the basis for this application 
entering the United States as (1) the national stage, or (2) a 
continuation, divisional, or continuation-in-part, then also complete 
ADDED PAGES TO COMBINED DECLARATION AND POWER OF ATTORNEY FOR 
DIVISIONAL, CONTINUATION OR CIP APPLICATION for benefit of the prior 
U.S. or PCT application (s) under 35 U.S.C. § 120. 
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POWER OF ATTORNEY 

I hereby appoint the following attorney (s) and/or agent (s) to prosecute this 
application and transact all business in the Patent and Trademark Office 
connected therewith. (List name and registration number) 

f Mdwin T. Bean, Jr. Reg. No. 16^633^ 

^-f Martin G. Linihan Reg. No.~J24 x 926> 9 

! Christine Johnson Reg. No. ^ 38,507, 

Michael F. Scalise Reg. No ._3JU_2ZD 

M. Bud Nelson Reg. No.^JJS^Ofe 

Daniel C. Oliverio Reg. No. 3^435^ 

(check the following item, if applicable) 

/ / Attached as part of this declaration and power of attorney is the 
authorization of the above-named attorney (s) to accept and follow 
instructions from my representative (s) . 



SEND CORRESPONDENCE TO DIRECT TELEPHONE CALLS TO 

(Name and telephone number) 

HODGSON, RUSS, ANDREWS, W00DS_&^G0ODYEAR (716) 856-4000 
^TOTEIILFC^ ICE GROUP ' 

BUFFALO , NY 14203-2391 



DECLARATION 

I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be 
true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of 
the application or any patent issued thereon. 

SIGNATURE (S) 

Full name of sole or first inventor _ 



(GIVEN NAME) MIDDLE INITIJUJ OR NAME FAMI L Y ^GRT"IiAST NAME) 




Inventor's signature 

Date 7 — S O ~~ - Country of Citizenship 

Residence 70 High Burn, Stonelaw Grange, Cramlinaton , Northumberland, United ^ c 
Kingdom " " ^ 



Post Office Address 



same as residence 
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ull name of second joint inventor, if any 



Donald,, 



^ (GIVEN NAME) MIDDLE^ INITIAL I^^^^A^LY"^inR^LAST NAME 
Inventor' s signature' ^ ^ ^~ 



Weir 



Date Country of Citizenship United Kingdom 

Residence 15 Archery Rise, Nevilles Cross , J3uriiam~~DHl 4 LA United Kingdom 
Post Office Address same as residence _ 



CHECK PROPER BOX(ES) FOR ANY OF THE FOLLOWING ADDED 
PAGE(S) WHICH FORM A PART OF THIS DECLARATION 

/_/ Signature for third and subsequent joint inventors. Number of 
pages added . 

/_/ Signature by administrator (trix) , executor (trix) or legal 

representative for deceased or incapacitated inventor. Number of 
pages added . 

/ / Signature for inventor who refuses to sign or cannot be reached by 
person authorized under 37 CFR 1.47. Number of pages added 



/__/ Added pages to combined declaration and power of attorney for 
divisional, continuation, or continuation-in-part (CIP) 
application. 

/ / Number of pages added . 



/_/ Authorization of attorney (s) to accept and follow instructions 
from representative. 



If no further pages form a part of this Declaration then end this Declaration 
with this page and check the following item 

/X/ This declaration ends with this page 
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